Sponge-gourd (Luffa-Cylindrica) agrofiber residue (LC)-HDPE composites were manufactured by extrusion and injection moulding. The effects of fiber content, fiber size, screw speed and barrel zones temperatures on tensile strength at yield (TS) point, modulus of elasticity (MOE), flexure stress (FS) and Izod pendulum impact resistance were evaluated by using a design of experiments (DOE)-2 4 Factorial with centerpoint. Furthermore, a model was also determined for each response variable as well as to generate foreknowledge for additional combinations of the experimental factors.
Introduction
Nowadays, a great number of polymer science publications have been directed towards the development of new materials from renewable resources. In fact, natural fibers obtained from agro-industrial residues, such as jute, banana, henequen, coir, palm, bamboo, sisal, pineapple, wood, etc., used as substitutes for synthetic fibers have received considerable attention since they can be used to produce composites, which show good technical properties, economic benefits and present the sustainability criteria for development in the third millennium (Mishra et al., 2004; Finkler et al., 2005; Herrera-Franco & Valadez-Gonzales, 2005; Lei et al., 2007; Mulinari et al., 2009; Liu et al., 2009) . (Figure 1 and Figure 2 ) belongs to Cucurbitaceae family and is produced abundantly in many countries in the tropical and subtropical zones. It is a natural material with microcellular architecture and contains cellulose and lignin. Its main use is in bathing and washing applications. It is a natural material with microcellular architecture, contains cellulose and lignin and is produced abundantly in many countries in the tropical and subtropical zones. Although only few studies about Luffa sponge are available in technical literature (Altınısik et al., 2010; Boynard et al., 2003; Demir et al., 2006) , they report the high potential of this material in such uses as carriers in bioreactors, scaffolds for tissue engineering and for the development of biofiber-reinforced composites (Altınısik, 2010; Boynard, 2003; Demir, 2006 This paper aimed to prepare HDPE-lignocellulosic composites by extrusion and injection moulding, analysing them by design of experimental tool. An experimental design was used in order to verify the influence and/or synergism among four experimental factors, namely fiber content, fiber size, screw speed and barrel zones temperatures, on the following response variables: tensile, flexural and Izod impact properties.
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Methods
Materials
The high density polyethylene (HDPE) used was HD7255LS-L supplied by Braskem, Brazil. This material has density of 0.954 g/cm 3 and melt flow index (ASTM-D1238-10) of 4.5 g/10min (2.16 kg, 190 °C).
Sponge-gourds (Luffa-Cylindrica) agro-fiber residues were from the town of Bonfim (Minas Gerais). The sponge-gourds residue were characterized by moisture (ASTM D1348-94), density (ISO 8962), water extractive (TAPPI T212) and ash content (TAPPI T211), and through thermogravimetric analysis (TA-Q500 thermal gravimetric analyzer-TA Instruments) under nitrogen atmosphere at a heating rate of 20 °C/min.
Prior to be used, the agrofiber residue was cleaned in order to have seeds and impurities removed. Then, the material was chopped by passing it through a mill and sieved so as to produce three fractions of fibers (20-40#, 40-70# and 70-100#). All fractions were dried at 60°C for 24 hour in an air-circulating oven before being used.
Composites Preparation and Design of Experiments
Composites of Luffa-Cylindrica lignocellulosic fibers (LC-fiber) and HDPE were produced by extrusion using design of experiments (DOE)-24 Factorial with centerpoint. Four experimental factors were studied, i.e., LC-fiber content, LC-fiber size, screw speed and barrel zone temperature. To simplify the descriptions, from now on the experimental factors will be referred to as:
• LC-fiber content: 'A'
• LC-fiber size: 'B'
• Screw speed: 'C'
• Barrel temperature zone: 'D' Tables 1 and 2 show the experimental factors with their normalized levels and the design matrix of 2 4 Factorial with centerpoint, respectively. Standard test specimens were injection molded on an Injection Molding Machine (Allrounder 270S-400-170, Arbourg, Germany) with effective screw length (L/D) of 20. The injection parameters were set at: zone temperatures of 160, 175, 185, 195 and 205 o C from feeding to nozzle, feed rate of 26 cm 3 /s and injection pressure of 1400bar.
Mechanical Properties
The specimens were conditioned in laboratory for a period of 48 hours, at 25 o C and 50% of relative humidity.
Tensile and flexural tests were performed according to ASTM D638-03 and ASTM D790-03 standards, respectively, using an EMIC testing machine, Model DL3000, with 10kN load cell. The composites results were averaged over six measurements. The tensile strength at yield (TS) and modulus of elasticity (MOE) were measured using type I specimens and cross-head speed of 10 mm/min. Flexure stress (FS) (three point bending) was measured using span of 520 mm and cross-head speed of 19 mm/min.
Izod pendulum impact resistance was performed using a CEAST Resil Impactor tester, according to ASTM D256-06a standard. The composites results were averaged over eight measurements.
Experimental Analysis
Analysis of variance (ANOVA) was used to investigate how the experimental factors and their interactions affect a few mechanical properties of LC-fiber/HDPE composites. In this work, "p value" lower than 0.05 indicates that the specific experimental factor and/or its interactions have significant influence on the response variable. However, instead of presenting ANOVA tables, standardized Pareto charts will be shown since the method allows the significant factors and interactions to be easily visualized (a line is drawn on the Pareto chart beyond which an factor/interaction is statistically significant, using 5% significance level). In addition to Pareto ANOVA analysis, it was also determined for each response variable a statistical second-order model so as to allow predictions for additional combinations of the experimental factors. All analyzes were performed using the software Statgraphics Centurion XV version 15.2.06.
Results and Discussion
In order to characterize Luffa-Cylindrica agrofiber residue, seven samples were randomly taken from the batch received from Bonfim. The mean intervals of all properties tested in this study is shown in The test results of LC-fiber/HDPE composites carried out according to DOE-2 4 Factorial with centerpoint are shown in Table 4 . The standardized Pareto charts for tensile strength at yield (TS) is presented in Figure 3 . Regarding this property, no significant differences among experimental values were found and no experimental factor had any effect on the property. As indicated in Figure 3 and confirmed in Figure 4 , only an AB synergism is detected, specifically, a slight improvement of TS by increasing LC-fiber content, when the LC-fiber size level is -1 (#20-40mesh). This result can be considered of interest since in general, the tensile stress of composites with untreated natural fibers decreases as the fiber content increases (Boynard et al., 2003) . 
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